This study investigated land use changes, and their ecological effects in Wuhan (1987Wuhan ( -2005. Remote Sensing techniques extracted land use data, whilst the spatial analyst software, Fragstats quantified ecological metrics at both landscape and class levels. The results showed increased urban and agricultural land uses (1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005); with urban land increasing more than 250 percent. This was largely attributed to: i) state favors accorded to it as the economic, industrial, scientific and cultural hub of central China; and ii) socioeconomic reforms. This is also shown by the positive correlation between urban growth and socioeconomic variables in the order GDP > per capita GDP > per capita annual net urban income. Ecological metrics at landscape level (example, number of patches, Shannon and Simpson's diversity Indices) showed that fragmentation strengthened (1987-1994), but weakened (1994-2005). Socioeconomic factors and ecological metrics indeed explained land use changes and their effects in Wuhan.
Introduction
Land use in China accelerated after the open-door policy in 1978. The social and economic reforms that followed have resulted in increased economic growth and urbanization throughout the country. Urbanization rose from 17 percent in 1978 to 41 percent in 2006 (State Statistical Bureau, various years) . One urban area that has been singled out for this research is Wuhan. Like most major cities in China, its population and economy has grown over the years. Unfortunately, the natural landscape, especially its arable land has been reduced significantly through various land use land cover changes. It is generally important for accurate and timely land use land cover change data to be available to policy makers, including governments at local, regional and national scales, and researchers, on the scale of such changes on the ecological system. Previous research (Chibamba, 2009; Cheng and Masser, 2002; Cheng, 2003; Yingui, 2002) related land use land cover change to socioeconomic factors such as direct foreign investment, gross domestic product, and spatial policy. This research has taken a step further by using landscape ecological metrics to explain the effects of land use change on its natural landscape. It therefore attempts to address two main objectives: i) to analyze land use land cover changes in the study area between 1987 and 2005; ii) to analyze the relationship (if any) between urban expansion and socioeconomic variables; and iii) to analyze the ecological effects of such land use land cover changes on the natural landscape.
Following the Earth Summit in Rio de Janeiro in 1992, many studies have concentrated on environmental issues which have influenced the natural systems greatly (Benjaminsen, 2001; Glicken, 2000) . Dramatic changes on the natural landscape brought concern to scientists as well as policy makers. These changes are the result of past (Burgi et al, 2002) and present socio-economic factors (Buchecker et al, 2003) . This makes the integration of man's activities into landscape studies most relevant (Wu and Hobbs, 2002) .
Land use/ land cover change is one of those major challenges that affect the natural landscape. It is one of the main driving forces of global environmental change, and central to the sustainable development debate (Lambin et al, 2000) . The causes and consequences of land use change on the physical and social environment have been a gray area for research (Veldkamp and Verburg, 2004) . These include its impact on water quality, land and air resources, ecosystem processes and function, and climate (Lambin et al,2000) ; biodiversity (Liu and Ashton,1998) ,soil degradation (Trimble and Crosson,2000) and the ability of natural systems to support life (Vitousek et al.1997) .
A number of international research projects, example, The International Geosphere-Biosphere Project (1988) and The Land Use land Cover Change program (Messerli,1997) were initiated in a bid to construct an updated and accurate database concerning observed changes, their meaning, pace, magnitude and driving forces behind such changes (Mather,1999) . Quantifying changes in the landscape is very important for an understanding of the spatial and structural variability in land use and their associated ecological effects (Turner, 2005) . The method and scope used for such land use change study depends on the ecological process under study (Wiens, 1989; Allen and Hoekstra, 1992) . Often times, an interdisciplinary approach, integrating the social and natural sciences have been argued (Lambin et al, 1999; Briassoulis, 1999) and in many research projects (e.g. Van der Veen and Otter, 2001 ). The use of regression equations and models has been extensive and valuable. For example, Wu et al (2006) used land maximization regression and Markov chain models to monitor and predict land use change; Sonis et al used matrix land-use analysis; Nagashima et al (2002) used discriminant analysis to understand the driving forces of land use change; and Yeh and Li (2002) used neural networks and cellular automata for land use planning.
Remote Sensing and Geographical Information Systems (GIS) (Jat et al, 2008; Wu et al, 2006; Li et al, 2005; Yuan et al, 2005) approaches have added a new dimension to the understanding of these changes, not least the urban landscape. Remote sensing techniques have been useful in the quantification of land use changes, especially from arable land to impermeable surfaces (Milesi et al, 2003) .They monitor the spatio-temporal and dynamic changes in land use/land cover at regular intervals, using multi-temporal remote sensing satellite data such as Landsat TM images. These changes are of significance in the field of environmental change (Turner, 2003; Lambin et al, 2001) .Geographical information system provides the platform on which data on such images are stored, processed and analyzed for decision making.
In recent years, landscape ecology introduced the use of landscape ecological indices or metrics to quantitatively assess landscape fragmentation, especially forest ecosystems. However, their use has in recent times become a trend in urban landscape change studies (Palmert, 2004; Leitao and Ahern, 2002; Sepp, 2006; Aranzabal et al, 2008; Cushman, 2008) . Their quantification has helped in understanding the spatio-temporal dimensional changes of urban growth occurring on natural landscape (Sudhira et al, 2004) .This has been shown in previous studies (Medley et al, 1995; McDonnell and Pickett, 1990; Costanza et al 1997; Matthews, 2006; Lacitignola et al, 2007; Wang and Zhang,; Kong and Nakagoshi, 2006; Guo,2001 ) to be more effective in explaining the interrelationship between and among land use land cover changes, the drivers of such changes, and effects of such changes on urban ecological landscape. It is this interrelationship that this research has tried to analyze and understand. We have therefore tested the effectiveness of remote sensing and GIS techniques, and Fragstats (version 3.3) (McGarigal and Marks, 1994) software in this research. Remote sensing and GIS techniques were used to obtain the biophysical and man-made information from three Landsat TM images. The spatial analyst software, Fragstats 3.3 which provides a very comprehensive set of spatial statistics and descriptive metrics of pattern at the patch, class, and landscape levels (Haines-Young & Chopping, 1996) , was then used to quantify landscape metrics at both landscape and class levels.
Materials and methods

Site description
Wuhan is the provincial seat of Hubei Province, and the largest city in central China (Fig.1) The standard image processing techniques of extraction, layer stacking, geometric correction/ georeferencing and change detection were performed on the three Landsat TM images (Table 1) obtained on different dates. They served as the primary data for this study. The rationale for using these dates stem from the fact that it was within these periods that major decisions such as migration policy (from rural to urban), Wuhan's special economic preference, and policy on protection of agricultural land, were made. Obtaining near anniversary images would have been preferable but this proved impossible for us. The 1987 and 2005 images were geometrically corrected to a common Universal Transverse Mercator coordinate system, Datum WGS 1984; Zone 49, based on a 1:50,000 topographic map scale, the 1994 image used as the MASTER image. The resultant Root Mean-Squared (RMS) of the georeferenced process, are presented in Table 1 . These were good as rectification of an image should have a root mean square error of ≤ 0.5 (Jensen, 2007) . Resampling, using the nearest neighbor algorithm to keep the original brightness values of the pixels unchanged was then done on the images.
Image classification
The satellite images were classified into land use classes. Anderson et al (1976) and Chinese Academy of Science's land use/ land cover Classification Systems were modified to classify the images into four land use classes: built-up (impervious layers such as residential and commercial services, office blocks, educational centres, hospitals, manufacturing industries, motor roads, rails etc); water (Rivers, lakes, ponds, lagoons, dams, marsh wetlands ); agriculture (all cultivated areas such as farmlands, crop fields including vegetable gardens, plantations, fallow plots) and forest(protective forests, timber forest, economic forest, firewood forest and forests of special use). Using ERDAS IMAGINE 9.2 software, the supervised classification system, using maximum likelihood algorithm was performed on the images. Goggle earth, and data collected during field trips (training sites/ground control points using GPS) served as reference data. The accuracy of the images was checked and the overall accuracy and kappa indices (Table 1) were deemed satisfactory for land use change analysis.
Metrics selection
The need for a quantitative description of ecological heterogeneity has long been the objective of ecology (Pielou, 1977) .The introduction of landscape metrics has helped in explaining the variability (over time) of landscape structure and composition. Selecting metrics for a given study involves a number of considerations. Firstly, because a few primary measurements can be made from patches (patch type, area, edge, and neighbour type), most metrics correlate among themselves (McGarigal et al, 2002) . Secondly, the objectives of study, spatial characteristics of the system and ecological processes under investigation determine which metrics to use (Gustafson, 1998) . Taking these into consideration, seven (7) landscape level metrics and five (5) class level metrics were chosen to quantify and examine spatio-temporal changes in Wuhan's landscape composition and configuration between 1987 and 2005. Complete descriptions of these metrics and equations for their calculation are provided in McGarigal et al (2002) and McGarigal and Marks (1995) .
Calculating metrics in Fragstats
For Fragstats to compute landscape metrics, recode and modelling processes were first carried out on the images in ERDAS Imagine 9.2 software. The resulting images were stored as signed-8 bit files. The raster version of (e) Simpson's diversity Index equals 1 minus the sum, across all patch types, of the proportional abundance of each patch type squared. Note, P i is based on total landscape area (A) excluding any internal background present. (f) Contagion index (CONT): equals minus the sum of the proportional abundance of each patch type multiplied by the proportion of adjacencies between cells of that patch type and another patch type, multiplied by the logarithm of the same quantity, summed over each unique adjacency type and each patch type; divided by 2 times the logarithm of the number of patch types; multiplied by 100 (to convert to a percentage).
Where P i =proportion of the landscape occupied by patch type (class) i. (e) Patch cohesion index (COH) equals 1 minus the sum of patch perimeter (in terms of number of cell surfaces) divided by the sum of patch perimeter times the square root of patch area (in terms of number of cells) for patches of the corresponding patch type, divided by 1 minus 1 over the square root of the total number of cells in the landscape, multiplied by 100 to convert to a percentage.
Where p ij = perimeter of patch ij in terms of number of cell surfaces.
a ij = area of patch ij in terms of number of cells.
A = total number of cells in the landscape.
Results and analysis
Land use/ cover change
The areal change of Wuhan (between 1987 and was calculated from land use classes in the classified satellite images (Figs 2-4 ). For each land use category, change was calculated as the ratio of the difference in area between a succeeding year, k+1 and the initial year, k.
Land use change: 1987 to 1994
The results show that of the four land use classes, only forest class decreased between 1987 and 1994. This is understandable, as urban expansion and agriculture/farming occur at the expense of forest cover. There was nearly 30 percent (29.7 percent) increase in urban class from 4.8 percent in 1987 to 6.2 percent in 1994. This could best be explained by the social and economic reforms initiated in 1978. The main feature of the reform was the move from a centrally-planned economy to one of limited market economy. The possibility for indigenes to own their businesses was guaranteed during this period. More importantly, economic reforms made direct foreign investment possible. Many foreign firms began streaming into Wuhan as early as the early 1980s. Its strategic position and recognition as the cradle of economic power in central China made it to be granted preferential policies in 1980 as a port for foreign trade by the State Council. This was followed by its designation in 1984 as the experimental city for economic reform. Land reforms in mid 1980s also made it possible for individuals and private institutions to lease land from the State (as all urban land under the reform belonged to the State). This accelerated massive private and cooperate urban construction of residential, estate as well as business houses. The positive imprint on the city's economy is seen in the nearly four fold dramatic growth of its GDP (Table 3 ) between 1987 and 1994. Such a growth in the economy, and hence infrastructure, served as pull factor for population from rural areas and other parts of the country (Guo-hui, 1990; Shen, 2002; Yin et al, 2005) . Even though China had limited restrictions on the movement of migrant workers, this did not deter the growth of Wuhan's population during this period from 6.29 million in 1987 to 7 million in 1994. Much of this increase could be attributed to population drift from rural areas into the city. What could have been the motivation was the increase in annual net income in the main urban administrative areas, as against rural areas as given by correlation result (Table 3 ).Many people abandoned the countryside to seek employment in the city, where, annual savings were healthy. Growth in population (Kundu, 2001) had been identified as one factor that contributed greatly to the growth of Wuhan's economy and its areal expansion. This is because migrant workers (from rural areas) provided cheap labour in the construction industry, and hence spur the overall economy of the city.
The result for gross agricultural output observed in the agricultural sector (Table 3) explains the huge areal extent of land put under cultivation, which increased from 44.7 percent in 1987 to over half (55.3 percent) of the entire land area of Wuhan in 1994. This increase in agricultural cultivation supports the claim that population increase necessitates food production, a key requirement for man's survival. This further supports the view that economic growth and population increase (Table 3 ) accelerated land use in Wuhan during this period. The increases in urban and agricultural land saw a 20.5 percent disappearance of forest cover during this period.
Land use change: 1994 to 2005
The increase in urban class observed between 1987 and 1994 continued during this period. It increased more than 100 percent from 6.2 percent to 13.0 percent. This could be attributed to the major economic and social policies and decisions that were taken during this period. For example, it again bagged favor from the central government for preferential policies in 2000 to become the flagship to spur economic development to the western interior under the 'Great Western Development' campaign programme. The Wuhan Master Plan of 1996-2020 prepared between 1993 and 1996 also gained State approval in 1999. Before approval though, such development as the completion of the second highway bridge (upper reaches) over the Yangtze River took place in 1994.
Together with the first bridge, this helped to create the first ring road of Wuhan. The ring remarkably improved overall accessibility by linking the three towns. The approval saw it receive huge funds for key infrastructural projects such as highways and city interchanges and the subway system. This period was generally characterized by mainly two key issues: changes in urban land use otherwise referred to as urban redevelopment and transformation of existing structures in the city, and economic restructuring of the primary, secondary and tertiary industries.
One of the great achievements of this was the establishment of three (3) state-level development areas: the Wuhan Economic and technology Development Zone, the Wujiashan Taiwan Businessman Investment Zone, and the Wuhan East lake High-Tech Development Zone. These comprised the major industrial bases that were reformed and/or developed out of the previous heavy manufacturing structure.
The decision to allow foreign investment saw an increase in foreign direct investment, from 913.43 million Yuan to 1,770.01 million Yuan, within the 11-year period. This surely promoted infrastructural development and economic growth. This also increased the GDP, by nearly five times (Table 3 ). The population too swelled by more than a million, because influx from rural areas and other provinces was encouraged by the relaxation of movement of migrant workers to the city (Lopez et al, 2006) . Per capital annual urban savings increased nearly three times during this period.
An interesting scenario is observed when one compares percentage increase in urban land use to that of forest. As generally expected, urban land should increase at the expense of forest land. However, figures show that percent change in forest land during the 11-year period between 1994 and 2005 is minimal compared to that in the 7-year period between 1987 and 1994. This could be attributed to the policy on the protection of forests in 1985, and that of agricultural land that was enacted in 1994. Not only was afforestation encouraged, but forest conversion to other land uses was minimized. This was translated in the amount of land put under agricultural use. Percent increase in agricultural land during this 11-year period was smaller compared to that during the 7-year period. However, such a reduction in agricultural land use did not affect or reduce agricultural output, as seen in the output figures (Table 4) . Increase in mechanization and hybrid technology could have done the trick, hence the observed increase in production.
The decrease in water could firstly be attributed to the division of some water bodies into smaller ones. And as Deng, (2005) pointed out, ecosystem of small lakes and marsh wetlands is fragile and tends to decline either naturally or artificially. Secondly, some water bodies found in urban settings were reclaimed to have urban structures. This practice may have reduced the burden on forested areas.
Relationship between urban expansion and socioeconomic variables
The relationship between urban expansion and socioeconomic variables was computed using Pearson's moment correlation coefficient, r. Table 3 presents results for Pearson product moment correlation coefficient, r between urban class and socioeconomic variables. The results showed that population, GDP, per capita GDP, gross agricultural production, per capita annual net rural income and per capita annual net urban income, were all strongly correlated with urban expansion in the order: GDP > per capita GDP > per capita annual net urban income > per capita annual net rural income population > total population >gross agricultural production > FDI.
These results indeed confirm a number of literatures on drivers of urban growth (as also explained in 3.1 above). Gross domestic product is an indicator of economic growth and which in itself encourages more land use. The healthy income in urban areas, but poor income in rural areas, provoked migration into the city, as indicated by the results. This was also shown by result for population. Increased migration from the rural areas, as a result of the relaxation of migration rules from rural to urban areas, gave rise to more residential structures to be built on Wuhan's fringes. Migrant workers were also identified as the unskilled workers in the construction industry.
Ecological implications of land use change
Landscape metrics have been helpful tools in understanding the ecological implications of human-activities on the landscape. In this study, the effects of land use change on the Wuhan landscape discussed above have been quantified using various metrics. Tables 4 and 5 present metrics calculated using Fragstats 3.3 at both the landscape and class levels. (Harper et al. 2005; Ries et al. 2004; Sisk et al. 2002) . Associated with this are increased edge habitats and their effects (Couvillion, 2005) , and greater loss of connectivity. This is because edges have the tendency to change the biological and physical conditions around patch boundaries and within adjacent patches (Ries et al. 2004; Harper et al. 2005) . Fragmentation of a landscape itself is of greater concern, not least because it creates a natural imbalance in terms of size, shape and distribution of mosaic of patches found within the human dominant landscapes (Riiters et al, 2000) . The significant of this is that it influences the dynamics of species and material in the landscape (Forman, 1995) , giving various ecosystems their unique structure and function. Characteristic of these ecosystems include distinct requirements nutrients, temperature, of climate, physiographic, soil, water, hydrology, air and potential natural communities.
Changes in landscape patterns
The 12.81 percent increase in NP (335962 to 379009) from 1987 to 1994 could be attributed to increased human activities (that characterized this period), in response to the economic and social reforms made across the entire country. Much of such activities could be credited to increase in impervious layers across the landscape. This increase in impervious surfaces could be attributed to increase in population, and economic growth, which is reflected in its gross domestic product. These have been found to have positive relationship with increase in NP and hence increased landscape mosaics (Xu et al, 2010) .
The observed decrease in NP during 1994-2005 does not indicate a reduction in human activities on the landscape such as urban expansion or agricultural activities, but could rather be the result of similar isolated patches joined to one another. Such aggregation of similar patches takes place when corridors are eliminated between similar patches, their connectivity increased, and their edges joined together. In the case of human habited areas for example, isolated settlements and villages may have joined to each other. The city itself assumed a more compact or organized expansion, rather than characterized by dispersed or isolated patches.
Smaller parcels of agricultural fields may have aggregated together by either, clearing and putting under cultivation more forest patches existing between the plots, or such patches replaced by other land use classes such as through afforestation or urban expansion. This assertion could be attributed to the land laws, especially those on construction land and urban restructuring, and agricultural land, and forest law that came into effect during this period and which saw a more or less organized and planned land use practices in both rural and urban areas, hence the 26 percent drop in NP between 1994 and 2005.
In the case of Patch Density, the 1987-1994 period saw an increase in total area of patches across the landscape as a result of increase in NP. This decreased with the NP between 1994 and 2005, as similar patches aggregated together. Such a conclusion is also supported by results for Contagion Index (CONT) and Fractal Dimension Index (FDI). Contagion Index, which shows spatial aggregation of patches, increased throughout the study period. Such an increase, away from zero, indicates more aggregation (McGarigal and Marks, 1994) . There was more aggregation of patches in Wuhan's landscape during the 11-year period (1994 to 2005), than the 7-year period (1987 to 1994), which were 12.0% (45.8 to 51.3) and 6.2% (45.8 to 43.1) respectively. Such aggregation takes place when similar isolated patches joined their edges to one another. This means existing corridors between similar patches were eliminated to enable their aggregation. (Table 4) . Impervious layers, including buildings, tarmac roads, and rails expanded and increased not only in the urban setting, but rural communities. What is seen in the urban and rural areas today is a well organized and planned city, with massive infrastructural development. Agricultural lands and water bodies have also been managed, such that there are larger agricultural and water bodies on its landscape, instead of smaller patches dotted about. Dominant landscape patches means that the biotic and abiotic factors existing within them influence the general biotic and abiotic conditions in the landscape entirely. For example, whilst forest lands have dwindled, and that of urban areas increased, factors such as temperature, humidity, precipitation, moisture, soil condition, and exchange of material and energy are all altered greatly. This also gives rise to micro climate. This concern and conclusion is also supported by results for LPI, which increased throughout the study period for both urban and agricultural land use classes, but decreased for those of forest and water. In the case of urban land use class, one could infer that elimination of other land use classes such as agricultural, and reduction of forest and water may have taken place between urban patches. This gave urban patches greater connectivity, and hence aggregating and consolidating, with more regular pattern observed in the entire landscape. Decrease index observed in forest class is quite expected, as they always dwindle when urban and agricultural classes increase. Decrease in forest and increase in urban areas generally result in increased temperature, heat, and sunshine. Results for cohesion, which increased throughout the study period for urban class and agricultural class, but decreased for the other two classes, buttress this assertion. Greater connectivity was observed in urban, and agricultural patches as their edges joined together, and corridors between similar patches eliminated. Edge effects, and smaller ecosystems, that oftentimes produce variety of ecosystem structure and function, may have been reduced considerably. This scenario explains the success of the urban land use policy adopted in the mid-1990s, which saw the elimination or shifting out of all agricultural fields from among urban areas, towards the fringes. Agricultural fields therefore expanded from the urban fringes into more rural areas. At the same time, forested areas dwindled to a point that policy on afforestation and urban green were adopted in the late 1990s to save the total extinction of forest class in Wuhan. And within the city areas, land reclamation, involving little water bodies took place .This is shown by decrease in LPI in the water class.
Conclusion
This study analyzed land use, and its ecological implications in Wuhan between 1987 and 2005. Results showed that urban land use increased throughout the study period. Wuhan's strategic position in central China, and special privileges accorded by the central government accelerated economic growth that led to loss of its arable land. This too resulted in changes in its landscape structure and composition, as evidenced by variability (between the time periods) in the metrics. This study therefore proved the capability of remote sensing and GIS to quantify changes in natural resource over time. Fragstats too was able to describe the ecological effects of such changes. What is needed now is to have an inventory of fauna and flora life forms in a bid to establish the numerical effects of land use land cover changes in the landscape. Variations in climatic and edaphic factors are also a gray area for research. 
